Introduction
In the textile industry, two major parameters are left to be studied in the production process, the cloth length and the cloth weft density which is given by a weft numbers per unit length. The former is the business basis between a seller and a buyer and the latter determines aspects of the cloth, soft or rough. The length of the cloth changes with the tension and the history after weaving such as the stored time and the stored condition. Those two parameters can be precisely determined by counting the weft number and measuring the cloth length simultaneously. Since the weft density is given in the weaving process, the cloth length can be determined by measuring the weft number.
The purpose of this paper is to improve the previously reported system1) for an industrial use. The present system provides a good accuracy and a high counting speed enough for various types of knitting machines.
Method and experimental system2)
We have proposed the light attenuation method.1) In this system, a light source and a light receiver were set up on the opposite side of the cloth. Then, the present method can be effectively used only when the cloth is thin and light passes through the cloth with a little attenuation.
On the contrary, the principle of the present method is based on the light scattering on the cloth. The method can then be applied to a thick cloth such as a light shielding curtain as well as a thin cloth. Further, it can be also applied to the cloth of a different Moire appearance of head and tail, to which the light attenuation method can not be applied. The light scattering method can, thus, be widely applied. The method, further, has an advantage over the light attenuation method from a practical point of view, that the sensor head including both light source and light receiver can be incorporated in a body since they are set up on a same side to the cloth. Moire appearance in this best condition. Such sine-like wave is reformed to a regular square wave by the AV detector as shown in this figure. The number of Moire line obtained by such wave accurately agrees with the one by the microscopic observation.
We have examined for ten kinds of clothes and found out that the miscount rate was below 1% for all clothes with a few marked exceptions which have not a clear Moire appearance such as in Fig.2 (d) . We are now under study in this problem.
We have further examined the system for the industrial use. The system was set up in a manufacturing plant. Table I shows an example. The error between mean value and number of Moire lines per unit length was found to be less than 1% in each measurement. The speed of the cloth movement was 75m/min. The cloth used was the one described in Fig.2 (b) .
The maximum counting frequency was found to be above a few tens kHz in the best condition without the interpolation method discussed in section 4. It is limited by a processing speed of the computer to interpolate a complicated wave-form to a sine-like wave-form. Even in this case, it can be above 10 kHz. as the examples. It was found from the experiment that the high contrast sine-like wave can be obtained when the width is between 1/2 and 1/3 of the Moire line pitch, p, and the length is between 5 and 20 times of the width. Figure 5 shows a similar waves to Fig.3 , which corresponds to Fig.2 (c) . They are complicated in particular Fig.5 (b) as compared to Fig.3 . An amplitude decrease of the sine-like waves may be due to a slight decrease of parallelism between both lines as shown in Fig.4 (2) and (3) . The slight decrease of parallelism is unavoidable in an industrial application because of a twist of the Moire appearance caused by a unbalanced tension of the cloth. It does not, however, cause a miscount since a correct square waves are obtained as shown in Fig.5 (a) . On the contrary, a large distortion of the sine-like waves due to a lack of parallelism may cause a miscount as shown in Fig.5 (b) . But the lack of parallelism was found to be rather small in the experiment at the manufacturing plant as shown in Table I . The distortion may, rather, be due to the lack of contrast of the Moire appearance.
The problem of the degree of parallelism may be easily solved by the use of the sheet-like laser light with a short length. It was, however, found from the experiment that the contrast of the scattered light intensity was also decreased. Thus, it is essential to find a point of compromise between the length 1 and the pitch p. This is, however, not an essential solution.
Three essential methods may be considered to solve this problem. The first is to reform the complicated wave form to a sinelike wave by the interpolation method. This can be done by a software technique and may be simplest and effective method from a practical point of view. The second is to use two PIN photodiodes placed at different position. In this case, one photodiode may, at least, receive a right sine-like wave even if the other receives a complicated wave. The count is always done by a right sine-like wave using a OR-logic circuit. Thus, even if each photodiode has a miscount rate of 5%, both photodiodes may reduce a miscount rate to 0.25%. The third is to adjust the 
System for industrial use
The sensor head is usually fixed at a position and the cloth Fig.6 Proposed cloth weft counter system using laser light fnr indrictrial 11CP moves in an industrial use. It has, however, to be moved when the cloth is at rest. Figure 6 is a proposed system acceptable for these two purposes.
The laser mounted on the belt is moved at a constant speed by a motor drive when the cloth is at rest and is fixed at a proper position when the cloth is moved. The laser and the PIN photodiode are confined in a light shielding box to eliminate the back ground light noise.
Conclusion
An optical counter system for the weft number of cloth is de-veloped for industrial use by means of scattered laser light. The system features;
(1) applicable to various kind of clothes,
(2) applicable to both cases, i.e., cloth is at rest and moved, (3) accuracy exceeds 99%, (4) a counting frequency of above 10kHz.
